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Methods: This is a qualitative research conducted in 2017. A number of purposively chosen policy makers and managers from Ministry of Health, medical universities, hospitals, health insurance, and vendor companies were approached for face-to-face and semistructured interviews.
Data analysis was done using thematic analysis method.
Results: Three categories of influential factors were identified, including contextual, stakeholder related, and situational factors. With regards to the stakeholders, the ministry and physicians played the most important role in the diffusion process of the AMITs. Health insurance organizations and vendor companies played a minor role in distribution of the equipment. Application of political pressure by the authorities on the Ministry of Health to issue licenses for the acquisition of AMITs was taken as the most important factor and the greatest challenge in the diffusion of devices.
The first MRI was bought in 1991, and since then, the diffusion of this technology has been very rapid in the country, and from 1993 to 2003, its number reached about 20 times per a million of the population. 9 According to the statistics obtained from the services regionalization office of the MoH, Iran had 297 MRIs and 524 CTs at the end of fiscal year of 2016. Distribution of devices is imbalanced in terms of geography and type of ownership, and there are problems with geographical and financial access to this equipment:
• Almost one-third of MRIs and one-fourth of CTs are concentrated in Tehran, with 10% of Iran's population, and about half of these devices are privately owned.
• More than half of MRI machines in the country are privately owned. Some of the Iranian cities lack MRI, despite having teaching hospitals. In 4 provinces, there is only 1 publicly owned MRI, and the waiting time for an MRI examination is up to 2 months.
• With regards to the distribution in 22 districts of Tehran, a third of CT and MRI devices are deployed in only 2 districts, with 4 districts not having any MRI machine.
Identification of the influencing factors for the diffusion of the AMITs could help health system managers and policy makers in diffusion management and equitable allocation of these costly resources and removal of their availability barriers. Since there have been no studies in this regard in the country, the present study aims to identify factors affecting the diffusion of CT and MRI scanners in Iran.
| METHODS
This is a qualitative research carried out in 2017 in which a number of purposively chosen policy makers and managers from MoH, universities of medical sciences (UoMSs), hospitals, insurance organizations (IOs), and vendor companies were approached for face-to-face and semistructured interviews (Table 1 ). All the interviewees had a job experience of at least 8 years or more in relation to medical technology management. The interviews lasted from 45 to 60 minutes and were recorded by a voice recorder, upon participants' consent, and transcribed immediately.
In 2 cases, the participants did not allow voice recording, and the interviews were jotted down. The participants were fully informed of the study objectives, data collection and recording, their role in the study, and the confidentiality of information. Accordingly, their informed consent was obtained in written or verbal form. An interview guide, prepared based on the study objectives and literature related to the distribution of AMITs, was used to conduct the interview. Two pilot interviews were conducted to verify the understandability and usefulness of the guide. During the interviews, the demographic questions including those of work experience, place of employment, etc. were initially asked; then, the main open questions were asked upon the identification:
• Standards, guidelines, and indicators of the AMIT diffusion in the country.
• Acquisition process, issuance of import permits, and effective factors in deciding to purchase these devices.
• Role of stakeholders and key actors in diffusion of these equipment, and identification of the underlying factors affecting their diffusion.
• Challenges and obstacles of the AMIT distribution experienced by the health care system of the country.
• Solutions for the improvement of diffusion management and fair distribution of these technologies.
Thematic analysis was employed to analyze the data within which, after familiarity with the scope and variety of transcripts, the researchers identified the key concepts and issues and set a preliminary thematic framework based thereupon. Then, they revised and annotated all transcriptions for individual interviews based on the thematic framework. Thereafter, they considered the concepts and contradictions and compared them with the relevant theories, experiences, and literature, and inferred the patterns and relationships from the findings.
| RESULTS
Three main themes together with 11 subthemes and 22 codes were obtained in relation to the factors affecting the diffusion of AMITs, including CT and MRI (Table 2 ).
3.1 | Contextual factors affecting the diffusion of AMITs
| Structural factors
The structural characteristics of hospitals are mentioned as an influential factor in the AMIT diffusion and in the hospitals' decision to purchase these equipment.
"Factors affecting the adoption of CT and MRI machines in hospitals include: The number of beds, the medical specialties type and number in hospitals, the type of hospital (specialized or general), the type of hospital ownership (public or private), teaching status (teaching or non-teaching), hospital revenue, the number of physicians and patients of hospital and the location" (Rep of the hospital-Head of Imaging Department).
Furthermore, the availability of financial resources is a critical factor.
"Economic power has a determining effect on the distribution of medical devices. Budget is limited, despite the growing needs, we are facing financial problems in purchasing the devices in the public sector;
however, there is a wide range of applications for the purchase license from private sector; but because the currency exit the country, we cannot give the permissions" (Rep of the MoH).
| Political factors
The use of political pressure by the authorities, such as provincial officials and parliamentarians, for the issuance of purchasing license was emphasized as the most important factor affecting the diffusion of CT and MRI machines. 
| Legal factors
One of the factors influencing the diffusion of AMITs is the medical equipment regionalization regulations (MERR).
"The MOH has been obliged to regionalize the country's healthcare structural resources by the 4th, 5th
and 6th Development Plan laws and set The MERR based on this law. According to this regulation, the licensing for the purchase of CT and MRI machines should be based on regionalization indicators" (Rep of the MoH).
The flaws in law and regulations, like the lack of transparency in MERR, failure to implement referral system, and the use of clinical guidelines, together with the weaknesses of the payment system were considered as an influencing factor in AMIT disproportionate distribution in the country. Economic sanctions Delay in the purchasing process of AMITs because of money transfer problem The effect on the distribution of various medical device brands and models in the country "In the MERR, the share of organizations and institutions remains unclear. You may calculate the number of CT and MRI required based on population, but it is not clear how many of them belong to the private or public sector" (Rep of the MoH). "A major part of the demand (for CT and MRI services) is induced. It is not controlled due to the lack of a referral system and not using the clinical guidelines. Uncontrolled utilization has led to the distribution of devices not in accordance with the real needs of the community" (Rep of IOsHead of Control and Evaluation Office).
| Cultural factors
Cultural differences and ethnic prejudices in some cities of Iran have affected the asymmetric distribution of CT and MRI devices.
"Cultural and social issues play an important role in the distribution of equipment. For example, in Semirom, where there is a bridge in the middle of the town, people who live at one side of the bridge are unwilling to get the services from the other side. The MoH was forced to provide both sides of the bridge with MRI devices, while the town needed only one" (Rep of the MoH).
| Market factors
The population indicates the size of the market and is the main indicator by which the MOH assesses the need for the AMITs.
"There are various variables that greatly affect the distribution of imaging equipment, but the most significant variable is population. Each MRI machine is currently allocated per 200,000 people. In the 5 th Development Plan, it was allocated per 500,000 people. In the 6 th Development Plan, the number of equipment increased" (Rep of the MoH).
Competition was also mentioned as the effective factor in hospitals' decision making for the AMIT purchase, particularly in the private hospitals.
"Private hospitals consider an MRI machine as a money-maker and a kind of prestige to the hospital. When a hospital does not have MRI, it will have to send the patient to another hospital or imaging center to meet the requirements of the physicians. This will make the patient distrust the hospital because they could not provide him full services. So, the hospitals are trying to attract patients by completing the diagnosis and treatment package with MRI and CT scanners" (Rep of vendor company-sales manager).
3.2 | Key actors' and stakeholders' role in the diffusion of AMITs
| The role of MoH
With regards to the stakeholders, the MoH plays the most important role in the diffusion of AMITs.
"The MoH role in the diffusion of CT and MRI devices is stewardship. The Ministry is by law, obliged to regionalizing the country's healthcare structural resources. It should determine how the equipment distribution should be. Thus, the Ministry of Health has a major role" (Rep of the MoH).
The MoH has the responsibility of policy making, regulation, and supervision of the AMIT distribution as well as the issuance of purchasing and importing license. The decision to adopt AMITs in the country is made mainly by the Office of HTA.
"The HTA office in the MoH, supervises each of the CT and MRI devices to be imported for the first time. It assesses cost effectiveness of the equipment; is it effective in reducing the morbidity and mortality" (Rep of the MoH).
Need assessment of AMITs and determining distribution indicators on the basis of population requirements are done by the HSER office, and any requests for purchasing these machines are first reviewed by HSER office; then, it is sent to the Licensing Office and CA20 for the final decision and issuance of licenses.
"Any MRI or CT imaging center that is going to be established has to get the principal agreement from the MOH, that is, the CA20 must grant permission to establish that center" (Rep of UoMSs-Head of Medical Equipment Department).
The importing license for CT and MRI scanners is issued by the General Department of Medical Equipment and is subject to having the purchase license and the principal agreement from CA20.
"There is a requirement of the principal agreement from the MOH, whether the buyer wants to directly import the equipment or, as the vendor company, we are going to do this. If the buyer gets us to import the machine, he must send a letter to the MoH and introduce us as his representative for using the principal agreement" (Rep of the vendor company-sales manager).
The lack of single stewardship in the diffusion management of AMITs was mentioned as a structural challenge in distributing such technologies.
"The challenge within the Ministry is that the HSER and need assessment is done by one office and licensing is done by another. This creates a dichotomy. Sometimes, the CA20 performs the need assessment directly. This obscures the regionalization. Representative of HSER office is an observer in the Commission and does not have the right to vote" (Rep of the MoH).
| Physicians' role
Physicians are the other key actor in diffusion of AMITs. Physicians affect the distribution by requesting for CT and MRI devices as well as by making in some cases induced demand for these services.
Physicians' demand is an influencing factor in hospital decision making in the purchase of AMITs.
"Doctors need CT and MRT devices to increase the quality and speed of diagnosis and put a pressure on the hospitals to buy them" (Hospital manager).
By making induced demand, physicians affect the asymmetric distribution of AMITs.
"The physicians-induced demands for CT and MRI are twofold: beneficial induced demands, which contain financial conspiracy and a series of induced demands for the fear of law and complaints, that make overuse of these services. Financial profitability of this equipment has become a dilemma in the healthcare system of the country, and unfortunately, in the present situation, private imaging centers will not have any patients if they do not pay the referral fees. So, the fee splitting is one of the main causes of the inappropriate distribution of MRI and CT scanners" (Rep of the hospital, Head of Imaging Department).
The dual practice of doctors-in the public and private sectors-is likely to increase the induced demand for CT and MRI services.
"Many investors and stakeholders in private imaging centers are professors and public sector doctors who prefer to refer patients to their private centers, and this will increase the induced demands and the distribution of devices will not be based on the actual needs of the community" (Rep of vendor company, sales manager).
| The vendor companies' role
Two medical equipment companies, including Siemens and Philips, have their branches in Iran for the sale of MRI, and the 4 companies, Siemens, GE, Toshiba, and Phillips, have their branches for CT scanners. More than half of the CT and MRI devices available in Iran are made by Siemens. The role of vendor companies in the AMIT diffusion was ranked third after the MoH and the physicians.
Vendor companies affect the diffusion of the AMITs by using different marketing methods and through donations and financial assistance to applicants for purchasing these devices.
"A vendor naturally likes to sell more. Our team goes to all imaging centers and hospitals to markets our products. We encourage those who come to us and those who do not come, that 'you need CT scanners' … Vendors try to increase their sales using various methods including encouraging doctors, giving bribes to the relevant authorities, attending congresses, arranging foreign trips for doctors and inducing the need for these equipment" (Rep of vendor company, sales manager).
"Many imaging centers need the equipment, they also have purchasing license, but they do not have enough money. We can provide conditions like installments, discounts, participation, etc., so that they can buy the equipment. There are many centers begging us to provide them with the device, such that we get our money and its interest from the machine revenue and then transfer the ownership to the hospital" (Rep of vendor company, sales manager).
| The insurer organizations' role
The insurance organizations also play a role, though inconspicuous, in the diffusion of AMITs in the country. There One way in which insurance organizations can influence the diffusion of AMITs is to impose restrictions on contracting with hospitals, imaging centers, and doctors. The HIO contracts with all physicians, hospitals, and imaging centers for CT scans without any restriction and for MRI scans with very little restrictions.
"Due to external pressures, our role in the distribution of the equipment has become narrower; otherwise,
we have instruments by which we can affect the distribution, the most important of which is contracting. If we have our insurance coverage rate in the various districts of the city, we can contract with different centers based on the population needs. Currently, we have no such statistics … any constraint applied by the organization will be under the pressure of the associations, power holders, investors and physician" (Rep of the IOs, Head of Para Clinical Office).
Another way in which insurance companies can influence the diffusion of AMITs is by regulating the utilization of services by implementing a referral system and clinical guidelines.
"Payment based on a referral system and clinical guidelines will reduce the induced demands for CT and MRI services and indirectly affect the distribution of devices. If I know that the induced demand is under control, there is no need for me to establish a CT scan center in the 6 th district of Tehran. Instead, I will do it in a district in which there is no CT center, where there is real need for it" (Rep of the
IOs, Head of Control and Evaluation Office).
In Iranian health care system, the referral system is only implemented at the rural areas and in the cities under 20 000 populations. The clinical guidelines are not yet followed widely, and the method of payment by insurance for CT and MRI services is fee for service that encourages induced demand; thus, it can be held that the insurers play no role in the utilization and diffusion control of AMITs by this way.
3.3 | Situational factors affecting the diffusion of AMITs
| Economic sanctions
Economic sanctions are among the situational factors that our country has been facing in recent years. Despite the many problems with transferring money during sanctions, CT and MRI devices continued to be imported to the country, although with long delays. The effects of sanctions were more pronounced on the brands and models.
"During sanctions, one of the biggest problems was with the banks. Credits did not work and sometimes, there was a problem in terms of money transfer. For example, it took 6 months to find a currency exchange office in Dubai, and money had to be transferred by hand" (Rep of UoMSs-Head of Medical Equipment Department).
"We did not have problems with European countries such as Germany, and since our main suppliers of imaging equipment were European, we did not have a lot of problems. But, we were having trouble buying Toshiba imaging equipment because its stockholders were American, and with the Philips, which came from the US" (Rep of UoMSs-Head of Medical Equipment Department).
"Even during the harshest sanctions, we were able to import CT and MRI devices. The sanctions affected mostly the model of devices. MRI machines which use superconductive technology have a liquid helium compartment inside. There was a time when helium could not be imported, during which, the devices with evaporating helium were not fascinating any longer, and other newer, non-evaporating systems became more fascinating, like the model, Avanto. The Avanto has been basically designed for advanced imaging, but most centers only buy it to be relieved from helium concerns, even though they did not need this model" (Rep of vendor company-sales manager).
| Health transformation plan
Health transformation plan (HTP) has been implemented since 2014 with the overall objective of financial protection of citizens against impoverishing health care cost and reduction of out-of-pocket expenditure in public hospitals affiliated to the MoH.
The implementation of the HTP has led to increasing demand for CT and MRI services, while a great part of these demands are induced and increase demand for the devices. Many governmental hospitals have been purchasing devices in partnership with the private sector.
"The HTP is the best plan that was implemented in the worst case scenario, without the proper infrastructure, referral system, family physician or clinical guidelines. The implementation of the HTP has led to, increase in patient and physician induced demand for CT and MRI services and reduction in the quality of the service, as well as increase in the demand and number of devices in the country" (Rep of IOs -Head of Para Clinical Office).
Before implementation of the HTP, the UoMSs themselves purchased capital equipment like CT and MRI. After implementation of the plan, the budget was not distributed among the UoMSs and the MoH's Board of Trustees for currency saving; a nongovernmental organization which plays a key role as the biggest economic sector for the MoH directly purchased these equipment for university hospitals. Centralized purchasing of devices had increased demand for these equipment in the public and academic hospitals.
"The HTP has provided hospitals with easy money. Board of Trustees for Patients Treatments with currency saving informs the hospitals that: we pay for 80% of everything you want to buy such as MRI and CT scanners, which has encountered increased demands" (Rep of the hospital-Head of Medical Engineering Unit).
| DISCUSSION
Various factors were found to affect the diffusion of AMITs in the country (Table 2) , among which the MoH apparently plays an active role, such that the acquisition license of CT and MRI scanners in both private and public hospitals must be issued by the MoH. The role of the physicians was ranked second in the diffusion. Vendor and insurer organizations played a minor role, though in distributing these devices. Nevertheless, it is argued that the MoH had no official plan for MRI diffusion, and advertisements and demand of consumer and physician were the main factors in health technology adoption in Iran. 10 The results of a study in Brazil also showed that physicians and the sales representatives play the most important role in making decision for purchasing and diffusion of CT scanners in Brazil, and public and private insurance organizations did not play a crucial role in this regard. 11 Further, the hospitals and clinics can make their decision to buy these devices freely.
11
The hospitals' structural factors, including the hospital beds and medical specialties number, the type of hospitals in terms of specialty and ownership, teaching status, and hospitals' revenue, were considered as factors affecting the AMIT adoption and diffusion in Iran. Such factors are clearly linked with the adoption of technological innovations. 15, 16, 21 The organizational size was the strongest factor in the adoption of CT scanners in the US hospitals. 22 The number of medical specialties in hospitals increases the intraorganizational pressure for innovations adoption, 15, 23 but the number of medical specialties only affects the adoption of technologies such as MRI and CTs that are consistent with the tendencies and views of specialists. 23 Hospitals' teaching status is also a determinant of medical technology adoption. 22, 24, 25 Due to the educational and research plans, the teaching hospitals show the strongest adoption pattern of CT and MRI devices. 22 In a study on the hospitals of Ontario, Garcés 17 showed that the hospital size measured by hospital revenue and the number of medical specialties had a significant effect on the adoption of CT and MRI devices, but there was no significant relationship between the teaching status of hospitals and adoption of scanners.
The type of hospital ownership is a structural factor that has also been reported in the literature as an effective factor in the innovation adoption. 26, 27 Nonprofit hospitals use part of their profits and subsidies for the purchase of new technology to increase the quality of care, while for-profit and privately owned hospitals have financial motivations. They do not adopt new technologies with low return on investment. 26 A study in Korea showed that the bed number and private ownership of the hospital were significantly positively correlated with the diffusion of MRI machines in hospitals. 19 The population was identified as a market-related factor and as the main indicator of the distribution of AMITs in the country. The size of the market as a factor related to demand is measured by the regional and provincial population and plays a decisive role in adoption of innovations in hospitals. 14, 17 Increasing population and patient volume rises the demand for medical imaging services, and the hospitals' motivation for adopting innovations.
Competition was considered as a market-related factor affecting the diffusion of AMITs. Hospitals use technology as a form of competition to attract patients and physicians. 21, 28 In cases where competition is intense, hospitals may purchase advanced equipment without needing them. 7, 29 A study in Japan indicated that the geographical distribution of AMITs is influenced by the market and competition factors. 30 Nonetheless, Garcés 17 found that market factors, including competition, size of market, and the physician supply, had no relationship with adoption of MRI machines in hospitals, and some effects on adoption of CT scanners.
The effect of financial resources and economic power availability was similarly presented by Oh et al 18 in the relationship between purchasing power and AMIT diffusion in OECD countries. Moreover, such availability could ease the adoption of innovation.
14,16
The hospital's operating profit index reflects the hospital ability to purchase large capital equipment such as MRI scanners. 21 Garcés 17 showed that hospital total margin had a statistically significant relationship with adoption of CT scanners.
According to the statistics obtained from the Services Regionalization Office of the MoH, Iran had 3.7 MRI and 6.5 CT scanners per million people at the end of 2016. This rate is below the lowest rate reported in the OECD countries, 31 and there is a need for additional CT and MRI machines, but it is not possible due to lack of financial resources.
The application of political pressure on the MoH, by the authorities, specifically, provincial officials, parliamentarians, and heads of hospitals and universities for issuing purchasing license, was considered as the most important factor affecting the distribution of AMITs. Despite the fact that the issuance of licenses should be based on the regionalization indicators, sometimes, the CA20 issues the licenses regardless of the need assessment by the HSER office and the indicators. The authorities and politicians' ability to get facilities from the MOH is 1 of the factors affecting geographical inequity in health technology diffusion. 10 Implementation of the HTP was identified as an influencing factor in the diffusion of CT and MRI scanners in the country, and physicians are 1 of the key actors in the diffusion. Dual practice by physicians in both the public and private sectors and the creation of induced demand for these services affect the distribution of these machines. Dual practice of physicians is common in many low-income and middle-income countries, and it does not only increase the induced demand but also reduce the control of the Ministry of Health on the private sector. 10 The implementation of the HTP has also raised demand for these services, while a great part of these demands are induced.
Weaknesses in legal factors were considered as a factor affecting inequitable in distribution of the AMITs. Due to the lack of a referral system, no use of clinical guidelines, and the weakness of the payment system, there is no control over the utilization of CT and MRI services in Iran and a large percentage of the use is inappropriate and unnecessary, 32, 33 while the technology diffusion management without the utilization management cannot solve the problems of inefficiency and can increase costs. 34 In Iran, the payment method for CT and MRI services is "fee for service," which encourages adoption of technology, while the global budget has a negative effect on it. 18, 34 This study has some limitations, which are as follows: Given the privacy and sensitivity of the topic, some interviewees were reluctant to give clear and transparent responses. Furthermore, the results can only apply to
Iran and similar contexts.
| CONCLUSION
Prominent treatment and diagnostic effects and sizeable cost of AMITs demand great attention from health systems for their equitable distribution and adoption. Such a position is further highly expected to create various competing groups in health sector seeking to ensure a reliable access to AMITs. In developing countries, given the low levels of transparency and weakened regulations, the completion among the different groups may not be always fair, and predicted factors might not play their own role in AMIT diffusion process.
The political pressure to issue purchasing licenses, nonadherence of the managers and policy makers to the medical equipment distribution regulations, lack of transparency in the regulations, financial constraints, and also lack of a unified authority for the diffusion management of AMITs have all in a way led to an inequitable distribution, not based on the actual needs of the population in the country, both in provincial and regional levels.
The MoH plays the most important role in AMIT diffusion. In fact, its diffusion managing role is limited to controlling the technology diffusion through the issuance of purchasing and importing licenses for the devices regardless of their utilization. However, where the need assessment and utilization management come to the fore, AMITs might be even less but generate more efficiency and effectiveness for health system. Technology diffusion management de facto requires policy tools in both supply and demand. In the supply side, there is a need for transparent regulations, intraorganizational coordination, unified authority in distribution management, commitment and adherence of managers to the regulations, decision making based on the results of health technology assessment, and the technology distribution based on the actual needs of the population and not just based on political and technical pressures. In the demand side, there is a need for the deployment of a referral system and the use of clinical guidelines, reform in the payment system accordingly, and reimbursement and coverage mechanisms with the support and cooperation of the insurer organizations.
